Introduction
COPA syndrome (OMIM 616414), also known as autoimmune interstitial lung, joint, and kidney (AILJK) disease, is caused by mutations in the coatomer subunit alpha (COPA) gene located on chromosome 1q23.2 (OMIM 601924) [1, 2] . COPA is a crucial component of the coatomer protein complex 1, required to mediate vesicular retrograde trafficking from the Golgi to the endoplasmic reticulum (ER). Impaired retrograde vesicle transport results in ER stress, subsequent unfolded protein and systemic inflammatory responses, and a variety of human diseases [3] [4] [5] [6] .
COPA syndrome has only recently been identified, initially in five families with various COPA mutations [2] . It is an autoimmune disease with early onset, usually by five years of age [2] , and generally with a greater female-to-male ratio [2, 7] . It is inherited in an autosomal dominant pattern, with variable penetrance and expressivity that can also reflect gender bias [8] . e majority of patients with COPA syndrome have clinical manifestations of lung pathology (interstitial lung disease or diffuse alveolar haemorrhage), renal disease, and, most predominantly, arthritis [2, 8] . Inflammatory markers are typically elevated, including C-reactive protein and erythrocyte sedimentation rate (ESR). Additional indicators of immune dysregulation seen in COPA syndrome patients include positive ANA titres as well as increased rheumatoid factor and cytoplasmic and perinuclear anti-neutrophil antibodies [1] . Upregulation of 17-priming cytokines and a significant skewing of CD4+ T cells to the 17 phenotype in COPA syndrome patients [2] are further evidence of the autoimmune inflammatory processes involved in this rare disease.
Behçet disease (OMIM 109650) is a rare autoimmune/ autoinflammatory disorder with widespread vasculitis [9] . Most common symptoms are oral and genital ulcers, uveitis, and joint inflammation. It generally presents later than is seen for COPA syndrome, usually in the 20 s and 30 s. Whilst disease distribution is equal between men and women, men are affected with more severe symptoms and earlier age of onset [10] . Behçet disease is associated with the HLA-B gene [11] , although this correlation is not currently well understood. ere is no clear inheritance pattern, and it is likely that a combination of genetic and environmental factors is involved in development of this condition. is report describes a family with a Behçet-like phenotype with a novel sequence variant in the COPA gene that segregates with the affected individuals, further expanding the genotypic and phenotypic understanding of this syndrome.
Case Report
e family discussed herein (the proband, the proband's mother, and the proband's brother) demonstrates a consistent phenotype of inflammatory lesions, neuropathic symptoms, polyarthritis, and bursitis. eir symptoms were attenuated compared to those described for COPA syndrome to date, more closely resembling a Behçet-like phenotype with no demonstrated pulmonary or renal dysfunction and no increased autoimmune serology markers. e proband, aged 32 at diagnosis, suffers from debilitating polyarthropathy, predominantly affecting the hands and knees, with widespread bursitis. She also suffers from chronic fatigue and widespread pain, migraines, recurrent severe buccal ulcers, and chronic diarrhoea. She was diagnosed with Behçet disease and commenced on multiple immune modulators for symptom control. After taking adalimumab, her disease worsened, with increasing ulceration and diarrhoea, and the emergence of a follicular hypovascular skin rash. During episodes of worsening clinical symptoms, her ESR was found to be elevated with a normal CRP. Her renal function testing has remained normal, with no evidence of renal involvement to date. Immunological testing of her B and T cells found that her CD19 and CD20B cells were low, at <0.01 × 10 9 /L. All other autoimmune serological testing has been normal. e proband has been on dapsone and folic acid long term, with any trial reduction resulting in an increase of arthritic symptoms. e proband's mother, aged 64, has accelerated restricted mobility due to hip adductor tendonitis and bursitis, polyarthritis with synovial cysts, inflammatory lesions of the mouth, and vasculitis of the ileum. In addition to these more classic Behçet-like symptoms, she has a history of recurrent stroke-like symptoms and peripheral neuropathy. In an attempt to control predominantly her arthritic symptoms, she was trialled on secukinumab, a monoclonal antibody that binds the IL-17A protein. IL-17A would likely be upregulated in COPA syndrome due to the predominance towards 17 cells, and this increase has been previously reported [2] . She reported short-term subjective symptomatic relief, before experiencing a relapse of arthritis six months later, and secukinumab was ceased in preference for a trial of adalimumab. Her ileal vasculitis was treated with prolonged-release oral budesonide resulting in good symptomatic relief. e proband's brother, now deceased, demonstrated a very similar phenotype to his mother and sister, complicated further by severe bilateral trigeminal neuralgia and Crohn's disease.
None of the family members had symptoms in childhood suggestive of Behçet disease. To date, none have demonstrated pulmonary or renal symptomatology; however, the proband has been diagnosed with urinary tract infections with increasing frequency. Lung function testing has not occurred in the proband, mother, or brother.
Whole exome sequencing (WES) identified an NM_001098398 c.2558G > A; p.Gly853Asp (het) variant in the COPA gene segregating with disease amongst the family. e family members did not have any identified variant in the TNFAIP3 gene which is causative for A20 haploinsufficiency, an autoinflammatory syndrome that resembles Behçet disease [12] . e COPA variant identified here has been previously reported on dbSNP with an allele frequency of 0.0007 on ExAC. e variant overlaps with an evolutionary constrained element (detected using SiPhy-ω and SiPhy-π statistics). e conservation across 28 species is described with PhyloP (score: 2.83). GERP identifies constrained elements in multiple alignments by quantifying substitution deficits (score: 5.93). In silico analyses on the variant also included a SIFT score of 0.23, a Polyphen score of 0.12, and a BLOSUM score of − 1. e mutation site of this variant is a start site for an alternatively spliced transcript (ENST00000545284).
After enrichment of all coding and flanking intronic regions of the genes mentioned above, sequencing analysis was performed using an Illumina HiSeq platform. e quality criteria required at least 10 reads per base; however, 97.7% of targeted regions achieved ×100 coverage and 99.7% achieved ×10 coverage. Only sequence variations with an allele frequency <1% were considered pathogenic. e WES and subsequent Sanger sequencing were performed in the laboratories of Macrogen, a company with CLIA certification. Table 1 outlines the currently reported mutations and the corresponding phenotypical features described for COPA syndrome, including comparison between other published data and the family in this report. e lack of renal or pulmonary involvement for this family expands the current understanding of the spectrum of COPA syndrome phenotype. e autoimmunity seen in COPA syndrome skews CD4+ T cells toward the 17 phenotype and promotes activation of the type 1 interferon pathway (2, 5) . is increase in 17 cells also increases the expression of the 17related stimulant cytokines, specifically IL-1β, IL-6, IL-17A, and IL-23 [1] . e literature is yet to understand the exact relationship between 17 and the resultant autoimmunity observed. Our index case having only short-lived relief from arthritic symptoms with secukinumab supports that 17 is but a single mediator in a complex pathway. It is not yet fully clear whether increased 17 is causative to, or caused by, COPA inflammatory symptomatology. Whilst various immunosuppressive regimes have been effective in some shortterm improvement or stability particularly of the pulmonary symptoms of COPA syndrome, these may be limited in their long-term effectiveness [7] . 17 and related interleukins such as IL-17A have a significant role in gastrointestinal disorders such as 2
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Case Reports in Genetics inflammatory bowel diseases [15] , yet this symptom has not been previously reported with COPA syndrome. e proband in this study suffering ileal vasculitis and the proband's brother having Crohn's disease may be evidence for an inflammatory bowel disease-associated phenotype as part of the COPA syndrome spectrum. Neuropathic symptoms in COPA syndrome have also not been widely reported previously; however, all three of the patients in this report manifested with various neural symptomatology. ER stress has been linked with central nervous system inflammation and neuronal dysfunction [16] and may be another aspect of the broader COPA syndrome phenotype.
All COPA mutations previously identified in the literature map to exons eight and nine in the highly conserved WD40 functional domain of the COPA protein [2, 8, 13, 14, 17, 18] . e p.Gly853Asp variant identified in this report is instead found in the C-terminal domain of the protein which could account for the attenuated phenotype in these individuals compared to phenotypes from WD40-domain mutations. e mutation site identified in this paper is a start site for an alternatively spliced transcript, and therefore, protein transcription may be affected. Functional studies are required to determine if the variant does affect transcription from this splice site as well as to confirm that this variant is indeed causative for the family members' symptoms. Whilst in silico analyses as defined above (SIFT, Polyphen, BLOSUM) do not predict a pathogenic effect of this variant, these analyses do not take into account the splice site activity of this variant and the effect of different transcripts (which may be expressed in different tissues). Altered splice site activity again may account for the attenuated phenotype outlined in this paper and does require functional studies to elucidate further regarding the pathogenicity of this mutation.
Although the variant has been reported on dbSNP with an ExAC allele frequency of 0.007, the true frequency of the disease is difficult to determine as the phenotypic association with mutations in the COPA has only been described recently and has variable penetrance. We suggest the syndrome may be underrecognised and underdiagnosed. Case Reports in Genetics 3 is family's unique Behçet-like phenotype adds to understanding of the clinical spectrum of COPA syndrome phenotype. It presents evidence that mutations in the COPA gene may have a broader phenotype than previously reported and that consideration should be given when diagnosing unexplained arthritic, vasculitic, and/or neuropathic symptoms. Further functional studies are needed to confirm that this variant does have a deleterious effect on protein function and is specifically the causative agent for this phenotype.
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